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REFLECTION SPECTRA AS A BASIS F O R  

STUDYING EXTRATERRESTRIAL LIFE 

NASA Grant 
NsG 101-61 

PLANETARY SPECTROSCOPY 

Progres s  on this grant has been somewhat limited due to the 

preoccupation with the infrared telescope site evaluation. 

Accomplishments During the Past Six Months and Current Status 

1. Construction of the photometer-polarimeter has continued, 
although somewhat haltingly. 

shortly and that results will flow from it rapidly since Brian O'Leary,  

whose thesis includes this work, hopes to finish in September. 

It is anticipated that it will be completed 

2. Progres s  on the simulation of weathering phenomena on 

Mars  has been notable since February due to the a r r iva l  of Dr.  J .  T .  

O'Connor, former ly  of the U. S. Geological Survey, Astrogeology 

Branch, Flagstaff. 

have been ordered and many of them received, and it should be in 

operation in the very  near  future. 

NASA Contract NASr 220. 

All of the components of the high vacuum system 

This work i s  primarily funded by 

3 .  Rea and O'Leary have carr ied out a careful examination of 

the evidence reportedly indicating Hz  0 ice clouds on Venus. 

concluded that the evidence in fact indicates exactly the opposite. 

They 

4. Welch and Rea have utilized recent determinations of the 

HC1 mixing ratio on Venus in conjunction with microwave data to set  

an  upper limit on the amount of liquid water in the Venusian atmosphere. 

Thei r  value of 0 . 0 1 0  g c m - a  corresponds to a cloud thickness of only 

100 m for a water concentration of 1 g m-3 , typiFal of t e r r e s t r i a l  

clouds. 

of the microwave data, on greenhouse effect calculations, and on the 

possibility that the upper clouds a r e  H,O ice.  

This low upper limit has a significant bearing on interpretations 



5. Calculations on the effects of topography on the deposition 

and lifetime of solid CO, 

Mountains of Mitchel a r e ,  in fact ,  most probably depressions 6-9 k m  

lower than their  surroundings. 

the Martian surface at  these positions is bright, this supports previous 

work f rom this laboratory suggesting that the bright a r e a s  a r e  depressed 

and the dark a reas  elevated. 

on the Martian surface indicated that the 

Since, when the deposits a r e  not present 

ProDosed Program for  the Next Six Months 

1. Construction of the photometer-polarimeter will be 

completed and will be used to acquire data on samples of Martian 

inter e s t  . 
2. The Martian weathering simulator will be completed and 

will be put into operation. 

3 .  Observations of Venus wi l l  be carr ied out to detect the 

possible presence of chlorine gas in i t s  upper atmosphere. Due to the 

recent discovery of HC1 on Venus, C l z  may exist in the upper atmos- 

phere where 0 a is produced by photodissociation of CO a .  

it may prove to be the source of the yellow tint of the planet. 

If it does, 
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Personnel 

Dr.  Donald G. Rea - Project Director;  Roger Dorr - 
Specialist; Michael Graham - Research Assistant; D r .  Joseph T .  
O'Connor - Assistant Research Geologist; Brian O'Leary - 
Graduate Fellow; Malcolm Raff - Research Assistant; John 
Sexton - Senior Engineering Aid; David Wilson - Junior 
Development Engineer; and Dawn Nyman - Principal Clerk. 

Electronics technicians and machinists have also been 
employed at  various stages of the work. 

GEOCHEMISTRY AND MASS SPECTROMETRY 

This report  presents a comprehensive summary of the 

geochemical and mass spectrometric studies that have been initiated, 

continued, o r  completed during this semi-annual period. 

The geochemical resul ts  derive f rom work by a group under 

the supervision of Professors  Melvin Calvin and Alma L. Burlingame 

at Berkeley and f r o m  work by Dr. Geoffrey Eglinton's group in 

Glasgow, Scotland. 

out under the direction of Professor  Burlingame in the Space Sciences 

Laboratory. 

The mass spectrometry research  has  been car r ied  

I. GEOCHEMISTRY 

A. Berkeley Group 

1. Organic Constituents of Mud Lake, Flor ida . Mud Lake ,  

Flor ida i s  considered to be a modern environment of the same type 

that may have resulted in the deposition of ancient non-marine o i l  shales 

such a s  the Green River Formation. 
tuents in the deposited mud layers of various depths, as well a s  of 

contemporary organisms (such a s  algae) living in  this environment, 

might yield important data on the diagenesis of organic compounds. 

An analysis of the organic consti- 



A heptane extract  of the dried and pulverized mud (af ter  silicic acid 

chromatography and separation of one of the fract ions on thin-layer 

plates) yielded a mixture of saturated hydrocarbons in which the n-C, 

and n-C, 

tained @ -carotene.  The latter substance was identified by comparison 

of i t s  visible and m a s s  spectra  with those of authentic E-carotene. 

After s imilar  fractionation, the carotenoid xanthophyll can be isolated 

f r o m  the methanol extract  of the mud sample. 

other mud layers  have provided tentative evidence for  the presence of 

pheophytin a and rhodoxanthin. 

compounds a r e  major components; another f ract ion con- 

Analyses of severa l  

2. Porphyrins. A program aimed a t  the isolation and 

identification of the porphyrin constituents of ancient sediments has been 

s tar ted.  Since gas  chromatography appears essent ia l  for the isolation 

of individual porphyrins, initial work was directed toward the prepara-  

tion of volatile porphyrin derivatives. 

have been prepared, and preliminary gas-liquid chromatography (g.  1. c. ) 

tes ts  with these compounds have given encouraging results.  

studies a r e  concerned with the improvement of the synthetic procedures,  

the preparation of several  other types of silicon porphyrins, and the 

elucidation of their  s t ruc tures  by a combination of visible spectroscopy 

and high and low resolution mass  spectrometry.  

Several  silicon etioporphyrins 

Current 

3. Green River Shale 

a. Tri terpanes;  Steranes. The analysis of the s terane-  

crlcerpane lractimi of thc Green  R i v e r  Shale extract  is continuing. A 

relatively large quantity of pulverized rock ( -  15 kg) was extracted,  

and f r o m  the total extract  ( -  1.77’0 weight of rock) a hexane fraction 

containing saturated hydrocarbons was obtained by column chroma- 

tography on alumina. 

normals  by sieving) yielded (after fur ther  column chromatography, 

preparat ive g. 1. C. , and sublimation) several  pure fractions of s te ranes  

and t r i terpanes.  

isolated. 

pane fractions;  these were found to correspond to  the values expected 

for  biologically synthesized tri terpane s. 

. * ,  

This hydrocarbon fraction (after removal of the 

Several  new triterpenoid substances have been 

The optical rotations have been determined for  some t r i t e r -  



b. Acids. The acidic fraction obtained f r o m  the total 

extract  by t reatment  with sodium hydroxide yielded (after formation 

of the methyl e s t e r s )  about for ty  components, which were separated 

and purified by g.1. C. and were analyzed by low and high resolution 

mass spectrometry.  

aromatic  acids,  alfd saturated cyclic acids have been identified. 

A ser ies  of straight chain dicarboxyl acids, 

c. Bases. The fractionation of basic components 

isolated f r o m  the Green River Shale by means of column, thin-layer,  

and gas  chromatography is in progress.  

spectral  study of several  base fractions has permitted the recognition 

of various s t ructural  types, among which the substituted pyridines 

and cycloalkyl pyridines appear t o  predominate. 

A high resolution mass 

d. Kerogens. The insoluble kerogen fraction of ancient 

sediments constitutes the major  portion of all organic mat ter  present in 

the rock. 

considerable importance in relation to the diagenetic transformation of 
organic compounds. In our experiments, kerogen-the polymeric mater -  

ial  obtained f r o m  the shale after dissolution of the rock matr ix  by hydro- 

f luoric  acid-was degraded by oxidation in chromic acid solution. 
The acids thus obtained were converted to their  methyl e s t e r s ,  were 

separated into normal  and branched e s t e r s  by urea adduction, and 

were  analyzed by gas  chromatography and mass spectrometry.  

l iminary  resu l t s  indicate the presence of a series of normal acids,  as 

well  a s  severa l  branched compounds, one of which exhibits the mass 

spec t ra l  fragmentation pattern and g .  1. c. retention time of phvtanic acid 

methyl es ter .  

oxidation, as well as experiments with other degradative methods, is 

in progress .  

Therefore,  an investigation into the nature of .kerogen is of 

P r e -  

The identification of other acids isolated f rom the kerogen 

4. Irradiation and Pyrolysis Studies. A study is in progress  

of the products formed upon electron i r radiat ion (5 MeV) of solid 

methane. 

high molecular weight products (up to Cz5 ), but no preference f o r  

the synthesis of any specific compound is apparent. 

Initial resul ts  indicate the formation of small amounts of 

Since hydrocarbons of the isoprenoid type isolated f rom 

sediments could be derived f rom such p recu r so r s  as squalane, the 

products formed upon pyrolytic degradation of squalane a r e  under 



1. Fat ty  Acids f rom Sediments. The project involves 

(a) the isolation and identification of f a t t y  acids f rom the Green  River 

Shale, Torbonite, and f o r  comparison the living alga Botryococcus 

braunii Kutzing A, and (b) the development of techniques to isolate 

and identify micro-quantities of acids. 

F r o m  the Green River Shale an  acid fraction was isolated 

by column chromatography after demineralization of the rock, hydroly- 

s i s ,  and extraction. 
chromatography, the es te r  fractions were examined by g. 1. c. and 

g. 1. c. -mass  spectrometry.  Mono-carboxylic acids ranging f rom C13 

to  Cs2 were found, a s  well as the isoprenoid acids f rom C,,to C17 and 

f rom C19 to C21. The C28 normal acid and the Cao isoprenoid acid a r e  

the dominant components. The yield of total f a t t y  acids was 0.035 70 
of the non-demineralized shale. 

After methylation and subsequent thin-layer 

The Torbonite, a carboniferous deposit that i s  presumed to 

contain a s  part  of i ts  organic matter the remains of the living alga 

Botryococcus braunii has been similarly analyzed. 

of total  fatty acid w a s  obtained, of which the normal acids f rom 

C9-C,, and cy -UI dicarboxylic acids f rom C8-Caa have been identified 

thus f a r .  

A yield of 0 .  00770 

Botryococcus braunii contains 0. 014 70 total  f a t t y  acids, 
among which a normal  Cla monosaturated acid predominates, followed 

by the n-Cls and n-Cae acids. 

be identified. 
tntal ester mjutnre; range f r o m  C1k-C1o: with C1e, C1,, and C* 

predominating. 

Dicarboxylic acids (C14-C19) could also 

The normal acids, obtained after hydrogenation of the 

Small quantities of branched acids a re  also present. 

2. Determination of Absolute Configuration of Organic 

Compounds f rom Geological Sources. 

determination of the absolute configuration of branched chain fatty 

acids  and related compounds is being investigated. 

preparation of diastereomeric e s t e r s  will allow separation of 

enantiomers by capillary g. 1. c. and, with gas chromatography-mass 

spectrometry for definition of gross  structure,  will provide a means 

of correlating the stereochemistry of these compounds. 

The possibility of micro-scale  

It is hoped that 



At present,  the feasilibity of this project is being examined 

using compounds derived f rom phytol, which contain two as m e t r i c  

centers known to be of the R configuration. 

(a) reduction of phytol (generating another asymmetr ic  center,  which 
is then both R and S), oxidation to  phytanic acid, and esterification 

with a n  optically active alcohol t o  generate the diastereomeric  e s t e r s ;  

(b) the formation of pristanic acid from phyt-1-ene; and (c) the esterf i -  

cation of dihydrophytol (derived f r o m  phytol) with S(t) lactic acid to 

give again a mixture of diastereomers.  

I The studies involve 

As yet, a resolution of such diastereomeric e s t e r s  on g.1. c. 

columns has not been achieved due to the inadequacy of the columns a t  

hand. 

3. Cutin Acids. In preparation for  the analysis of fossil  cutin 

(the outer protective l aye r  of f rui ts  and leaves),  the fatty acids of 

apple cutin were analyzed. After preparation of the cutin, hydrolysis 

of the polymeric acid mater ia l  (methanolic potassium hydroxide), and 
preparation of the methyl e s t e r s  of the ether-soluble acids, the es te r  

mixture was fractionated by thin-layer chromatography (silica gel) and 

the components of each fraction were analyzed. 

tography, mass spectrometry,  I R ,  and comparison of the R values 

with known acids permitted the identification of a se r i e s  of normal 

fatty acids,  th ree  diacids (C,, C18, octadec-en-1, l$-dioate), and a 

number of hydroxy acids (C18-18-OH, C16-16-OH, C18-10-OH, C18-9, 10, 

18 -tri-OH, C 16 - 10, 16  -di-OH) , among which methyl 10 -hydroxy0 cta- 

decanoate, methyl octadecan- 1,  18-dioate, and methyl octadec-(? j-en- i ,  

18-dioate previously had not been reported f rom cutin. 

So far, gas chroma- 

f 

4. Clathration Experiments. Conditions have been worked 

out f o r  the separation of micro-quantities of branched or  cyclic alkanes 

f r o m  complex mixtures by thiourea adduction. 

with alkanes f rom the Green River Shale, it was demonstrated that 

branched-cyclic isoprenoids, as well as the s teranes cholestane, 

ergostane,  and sitostane, a r e  adducted by thiourea. Studies a r e  in 
p rogres s  to elucidate the nature of this adduction process.  

adducted par t  of the hydrocarbon mixture (from which n-alkanes 

In model experiments 

The non- 



previously had been removed) consisted largely of pentacyclic t r i t e r  - 
panes, but contained also the C40 isoprenoid B-carotane-not pre-  

viously isolated f rom this shale. 

11. HIGH RESOLUTION MASS SPECTROMETRY 

A. Mechanistic Studies 

1. Amarvllidaceae Alkaloids. A comprehensive investigation 

of the fragmentation processes  of Amaryllidaceae alkaloids in the mass 

spectrometer  has  been undertaken and is largely completed. 

mainly high resolution mass spectrometry,  several  c lasses  of these 

alkaloids were studied concurrently. 

Using 

a. Lycorenine Alkaloids. A study of the alkaloids of the 

lycorenine type (mentioned in the last semi-annual report)  has been 

completed. 

(Structure I) involves a re t ro  Diels-Alder fragmentation .producing an 

ion corresponding to the aromatic  moiety, as well as the very abundant 

nitrogen-containing fragment. The study of a var ie ty  of compounds of 

this c lass  showed that the spec t ra  of these alkaloids permit  the identi- 

fication and location of substituents in  various par t s  of the molecules. 

The major  fragmentation pathway of these compounds 

I I1 

b. The Crinine Class. The Amaryllidaceae alkaloids of 

genera l  Structure I1 (crinine ser ies)  have received detailed attention. 

A v e r y  extensive collection of these compounds (possessing functionali- 

t i e s  or substituents at almost every carbon in 11), as well as related 

model compounds, have been studied by high resolution mass spectrom- 

e t ry ,  permitting a detailed mechanistic description of the fragmentation 

p rocesses  (such as, for instance, the elimination of nitrogen-containing 

fragments) .  This  study bea r s  particular relevance to future s t ructural  



t work in this se r ies .  Fur thermore ,  some interpretations 

spectrometry of these systems published by other groups . 
I shown to be incorrect.  

of the m a s s  

have been 

2. N-Acetyl-Morpholine. Fragmentation of N-acetyl- 

morpholine (111) in the mass spectrometer has  been studied in detail. 

The mass spectrum of this compound with peaks at m / e  129 (M+), 114, 

86, 56, 57, and 43 is particularly intriguing since the elimination of 

15 m. U. f r o m  the molecular ion constitutes an  important fragmenta- 

tion process ,  even though no methyl groupings (aside f r o m  the 

acetyl-methyl) a r e  available. The combination of deuterium labeling 

of all positions and high resolution mass spectrometry permitted the 

elucidation of all important fragmentation sequences and also estab- 

l ished that the methyl group eliminated derived f r o m  the 3-position of 

the molecule. 

tion was shown to come f rom C-2. 

The extra  hydrogen radical required for  this elimina- 

1 

111 

3. cy-p Unsaturated Ketones. 

possessing an a,g double bond undergo 

Substituted cyclic hexenones 

fragmentation with elimination 

of ketene (CH,CO). 
bond-zn anusual fragmentation-the mechanism of this  reaction was 

investigated in some detail. 

Since this process involves cleavage of a vinylic 

Par t icular  attention was given to the 

question of the relationship of the mass spectral  decomposition to the 

known photolytic rearrangements  of such systems. 

photochemical transformations,  the involvement of a cyclopropane 

intermediate  in  the mass spectrometric elimination of ketene was 

suggested. The generali ty of this paral le l  between photochemical 

react ions and mass spectrometric fragmentation has  been studied, as 

well as the dependence of the fragmentation process  on substitution 

pattern. 

s imi la r i ty  may  only apply in very few situations. 

this  work, a var ie ty  of cyclic ketones and photoproducts derived f rom 

t h e m  have been studied. 

In analogy to 

Results indicate that the photochemistry-mass spectrometry 
In conjunction with 
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. 4. Cycloheptenones. A mass  spectrometric investigation 

of the behavior of cycloheptenones (a,@ and 8,y) has been s tar ted to  

gain some insight into the complex fragmentation processes  of natural 

products possessing this structural  moiety. 

5. Flavones and Coumarins. An extensive study of the 

fragmentation pattern of heteroatomic aromatic systems has been 

undertaken. 

such as flavones and coumarins. An investigation by high resolution 

mass spectrometry permitted a fairly complete analysis of the f rag-  

mentation of these compounds. 

Par t icular  attention was directed to  oxygen heterocycles 

6. Lycopodium Alkaloids. A study of the mechanism of de- 

composition of alkaloids of the Lycopodium se r i e s  has been in  progress  

in  our laboratories for  some time and is now essentially complete. 

High resolution mass spectrometry permitted a detailed delineation of 

mechanistic pathways, which in turn were found to be characterist ic 

for  each skeletal type and its substitution pattern. Information ob- 

tained f r o m  these known systems can now be applied to new and un- 

known structures  in  this ser ies .  

B. Applicatiqn to Structure Elucidation of Natural Products 

1'. Withaferin-A Series;  Other Natural Products. High 

resolution mass spectrometry permitted the tentative assignment of 

Structures  IV and V to  two new compounds of the withaferin series. 

Fi~rther high resolution studies a re  in  progress  to establish these 

s t ructure  S 

I V  R = H  

V R = A c  

OR 



, ? 2. Structural  studies on several  new compounds belonging 
I 

to  the sesquiterpene and steroid classes  a r e  in progress.  

of a new nitrogen-containing tumor inhibitor is under investigation. 

The s t ructure  

111. PROPOSED PROJECTS FOR THE ENSUING PERIOD 

The individual geochemistry projects mentioned in  this report  

will be continued. 

of new techniques f o r  the isolation and characterization of microgram 

samples of individual compounds. 

the study of additional geological materials (shales, oils ,  fossils ,  etc. ) 

and other c lasses  of compounds derived f rom them. 

Part icular  attention will be paid to  the development 

The program is t o  be expanded to 

Our efforts in  mass spectrometry will continue to  embrace 

the following major  areas:  

(1) the study of the mechanism of electron-impact-induced 
fragmentation of particular c lasses  of compounds and, 

associated with this, the application of computer methods 

to  the interpretation of high resolution mass spectra;  

(2) the elucidation of s t ructures  of natural products, particu- 

l a r l y  those of biological interest. 
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